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(54) METHOD OF COATING A MOVING METAL STRIP 




(71) We, John Summers & Sons 
Limited, a British company, of Hawarden 
Bridge Steelworks, Shotton, Deeside, Flint- 
shire, do hereby declare the invention, for 
which we pray that a patent may be granted 
to us, and the method by which it is to be 
performed, to be particularly described in 
and by the following statement: 

This invention concerns a method of coat- 
ing a moving metal surface, particularly a 
moving metal strip. 

According to the present invention, there 
is provided a method of coating a moving 
metal surface comprising forming a dry layer 
of metallic powder on the surface, thereafter 
applying a liquid to the said layer, and then 
passing the layer against a compression roller 
to compact the powder to the said surface, 
the said liquid being such as to reduce the 
extent to which the roller dislodges the 
powder. 

The said surface may be the surface of a 
moving metal strip there being provided a 
co-operating pair of said compression rollers 
through the nip of which the strip is passed. 
# Preferably the layer is dried after the liquid 
is applied, before being passed against the 
said roller or rollers. 

The said liquid may be an aqueous colloidal 
solution of a substance which gels when suit- 
ably hydratecL 

The liquid may be an aqueous colloidal 
cellulosic solution. 

^ Thus the liquid may be an aqueous solu- 
tion containing sodium carboxy methyl cellu- 
lose. 

Preferably the concentration of the sodium 
carboxy methyl cellulose in the solution is 
not less than 0.05% nor more than 0.6% 
by weight. 

In a preferred embodiment, the said con- 
centration is not less than 0.2% nor more 
man 0.4%. 

Alternatively the solution may contain 
starch, at a concentration between 0.2% and 
1% by weight. /o 

Alternatively the solution may contain 
Bentonite, at a concentration of not less than 



03/ nor more than 2% by weight. 

Alternatively the solution may contain 
aluminium hydroxide or nickel hydroxM^Tt 
a concentration of not less than 0 05°/ nor 
more than 1% by weight. /o 

Preferably the liquid i s applied to the 
surface at a rate between 2 cub£ centimetres 
and^ cubic centunentres per square foot of 

The invention also provides a metal article 

xo^lbove^ M * « 

The invention is illustrated, merely bv wav 

»,- t ? an ? le ' ' m ^ accompanying drawing 
^ a PP"atus which rnay^f 

employed to coat a moving metal strip £ 
rorigce wath the method of the prL£ 

In tie drawing, there is shown an apparatus 
comprising an uncoiler 1 which carrieTl roi! 
2 of mild steel strip 3. The strip 3, which 
is uncoiled from the roll 2, passed oveTtwo 
spaced apart guide tables 4, 5. Between the 
tables, 4, 5 there is disposed a shear 6 which 
may be operated, by means not shown, to 
shear the strip 3 as required 

After leaving the table 5, the strip 3 may 
pass along a cleaning line (not shown) which 
may comprise a degreasing bath, where the 
strrp may be subjected to a degreasing liquid 

picfchng bath, and a further cold water rinse. 

After passing through the cleaning line 
the strip 3 passes through a bath 7, squeegee 
rolls 8, and sprays 9 which collectively consti- 
tute a wetting station. The bath 7 and the 
sprays apply to the opposite surface of the 
strip 3 a solution containing sodium silicate 
Qor, alternatively, potassium silicate') ee in 
a concentration of 1.0 to 5.0 (and preferably 
or 3) grams of sodium silicate per litre of 
water. The sodium silicate may be a commer- 
aal sodium silicate containing 18°/ w/w 
sodmm oxide, and 36% w/w of swcaT ' 

The bath 7 and squeegee rolls 8 are pro- 
vided m order to ensure that the strip has 
already been thoroughly wetted with the 
sodium or potassium silicate solution before 
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being spra^towith, whereby to obtain a an ^static ^ of " 10 kv ' 

morf uniform film of the said solution on the duorf in^^^ rf ^ depoAlim 

strip. ,. . . „ im i t 14 is more fully described in our co- 

The sprays 9 may subject J W« patent applications Nos. 57096/67 70 

5 surfaces of the smp 3 » ^JjJ^^ flS^o. 120301) and 57098/61 (Serial 

in an amount from 0.7 -> to anu. yic±^» j \ nnU77 x 

about 1.5 cubic centimes of the said soha- No 1203472). ^ ^ 

tion for each square foot of the aQ) ac eni ^ * ^ fi powder apphca- 

surface. This amount Sou 11, andrte seconder appli- 75 

10 to trap the powder which is »*^™"* ti tion ' 14 ^ str i p passes to a first 

applied to. the strip while ^8 g££ 22, at which each of the sur- 

to cause pools of the solution to build up on cjymg^ ta ^ ^ ^ ^ ^ ^ 

the strip. . etoHnn 7—9 the through a high frequency heater. As a result 

After leaving the w^ngstau jj-jte ^TSdtom luicate remaining on the smp 80 

15 strip 3 then £££ acts as a binder which prevents the aluminium 

application station, ™ the Ttrip powder from falling off the strip, 

deposition units 10 mounted a °ov e tne sw f P" m ^ between sprays 

3. The P^/^Sic^wder S 23, 24 which constitute a liquid application 

ff^^fi ^efc^Tpasses through a 

shown) which are supplied "^PjJ^gS «2dd5& StioKs and then a rolling 

a hopper 12. The V°^™J^™Jg*SZ S£ 26 wWch constitutes a compaction station, 90 

25 is blown by a stream of an- 01 r other gas mm^w ^ 

towards the upper surface of the smp 3. ^ e ^ pa sses and which 

The powder passing towards the upper surface between ^ m ^ luminium 1 ' co ^ tin g to both the 

of the strip 3 passes through ^°s^aUy compact tne^u 5 ^ . g ^ 

charged screens 13, the voltage SeTUo a roU 30 of a collar 31 from 05 

30 screen being, for u ^ e '..^™2 S k is removed to be heat treated at an 

20,000 volts for each inch of distance between wmcnj 1 ^ heated K 

the bottom of the screens 13 and Ae strip 3 f or B b y being heated at 

The aluminium powder thus falls m an 5UU£ ror 1 no , 

electrostatically charged F° n **£ °™ ^ 35 %£ ^L^um powder applied to the strip 100 
35 adjacent surface of die strip 3 where it wotdd " ~ ^ ^ a B . S . 410 No. 
normally lose its charge and be ^"J™*" 30 0 mesh sieve The powder is dispensed by 
back upwardly were it not mpped by die 300 ^Jj 1 ^^/^ 10 such that the 
sodium or potassium ° m0 "! ^wde7contam^ a high percentage of "fines- 
strip. The potassium or sodium silicate, more powoer ^ 3 0 to 40% of par- 105 
ove?, prevent oxidation or ^t£TS 20 microns and 10 to 15% 
the aluminium powder by the water in me » ^ ^ ^ 1Q herons. 

said solution. . coated, While this powder gives a good quality 

metallic) powder .s ^^^^wTer S£rf ^lodged pWder build up immedi- 

50 roll 15 having peripheral pockets (not shown; it is to | ^ 

which are supplied ^Powto&omatap- 23, 24 are P™? e £, * on of layer 

per lo, the powder ^J^f*^^ S'^teS*? *5>> liquid being such 

STS o?o*S £ SSS?ie^ See as/o to which rollers dis- 

55 5 S meter roll 15 throng a nmd conduit lodge the P-der ^ ^ 

17. The meter rolls 15 ^^^5 whfch sprays 23^ 24 may be an aqueous colloidal 

the powder from the meter rolls ^13 , wmcn sp y ^5^^ wh ich gels when smt- 

is directed towards the strip 3 ™ ablv hvdrated. Examples of such substances 

cessively through ^to^ "fTl y j£ "Sdroride; aluminium hydroxide, 

60 screens 20, 21 of whid m£ -een \l which « »*d Jj^ ^ ^ ^ as 

potential e.g. a potential of -JU kv 1 . ma 
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100 ft. per minute, whereas if this wetting 
is omitted, it may be necessary to limit the 
speed of the strip to, say, 30—35 ft. per 
minute. 

The sprays 23, 24 may be such as to apply 
from 2.0 to 4.0 (and preferably about 3.0) 
cubic centimetres of solution per square foot 
of surface to each side of the srtip. When 
sodium carboxy methyl cellulose is employed, 
the concentration thereof in the said solution 
should be within the range of about 0.05% 
to 0.6% by weight of the solution. Preferably, 
the concentration is not less than 0.2% nor 
more than 0.4% by weight. 

When aluminium hyroxide or nickel 
hydroxide is employed, the concentration of 



the solution preferably is within the range 
°- 05 % t0 1% by weight. Another substance 
that has been successfully used is starch in an 
aqueous colloidal solution of a concentration 20 
not less than 0.2% nor more than 1% by 
weight. . The concentration is preferably 0 5°/ 
by weight. * 

Bentonite is also satisfactory when used in 
an aqueous colloidal solution of concentration ok 
not less than 0.5% nor more than 2% by 
weight The concentration is preferably 1°/ 
by weight. J /Q 

The following experimental results illustrate 
the effect of applying a suitable liquid via the 30 
sprays 23, 24. 



Table I 

Results obtained without the application of a suitable liquid via sprays 23, 24 

Steel Strip — 0.040' thick coated on both sides with the aluminium powder to produce 

compacted coating 40 microns thick. 
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Pre-wetting by sprays 9 on 
steel prior to powder 
application 


Maximum strip speed 
through rolls 
Ft/Min 


Adhesion of layer 
after Compaction 8c 
Heat treatment 


Water 1.5 cc/sq.ft. 
» 4 cc/sqjft. 


15 
17 


Good 
Good 


„ 6 cc/sq.fL 


Too wet — powder 
runs into pools 




3 gms/litre of Aqu.soln. 
of sodium silicate 2cc/sq.fL 


25 


Good 


6 gms/litre — do — 2 cc/sqit. 


35 


Fair 


0.2% Sodium carboxyl methyl 
cellulose soln. 2 cc/sq.ft. 


40 


Fair 


0.3% — do — 2 cc/sq.ft 


60 


Poor 


0.5% — do — 2cc/sqit. 


100* 


Poor 


*Speed limit of Plant. 







This table illustrates that increasing the con- 
centration of the sodium silicate binder applied 
via the sprays 9 enables the roll speed to be 
increased, but it reduces unacceptably the' 
adhesion between the coating and the sub- 
strate after heat treatment. The table also 
illustrates that a solution containing sodium 
carboxy methyl cellulose can be applied via 
the sprays 9 instead of sodium silicate. The 
maximum concentration of sodium carboxy 
methyl cellulose acceptable is about 0.2% by 
weight. However, It can be seen that the use 
of sodium carboxy methyl cellulose has the 
same disadvantages as indicated for sodium 



silicate. We have found however that increased 
concentrations of sodium silicate or particu- 
larly sodium carboxy methyl cellulose may be 
advantageous in that the layer of powder is 50 
less likely to be dislodged before compaction 
due to vibration of the steel strip. 
^ We think that the more concentrated solu- 
tions _ applied via the sprays 9 cause poor 
adhesion of the coating to the substrate after 55 
heat-treatment by contaminating the interface 
therebetween. 

In order to increase the speed of the Strip 
without reducing the adhesion of the coating 
to the strip after heat treatment, we effected 60 
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Table 2 

Results obtained with the application of a suitable liquid via sprays 23, 24. 

Steel Strip - 0.040' thick coated on both side* with the aluminium powder to produce a 
Steel 5>trip u ™ compacted coating 40 microns thick. 



10 



15 



20 



25 



Pre-wetting by sprays 
9 on steel prior to 
powder application 



Water 



55 



Sodium Silicate 



33 



33 



33 



Post-wet Liquid 
applied by sprays 
23, 24 



0.2% Sodium 
carboxy methyl 
cellulose 3cc/sq.ft 


35 


0.4% -do— 
3cc/sqit. 


60 


0.2%— do— 
3cc/sq.fL 


40 


0.4% -do- 
3cc/sq.ft. 


100 


0 . 5% colloidal soln. 
of starch 3cc/sq.ft. 


50 


1% colloidal soln. of 
of Bentonite 
3cc/sqA 


50 


0.5% colloidal soln. 
nickel hydroxide 
3cc/sqA 


60 



Maximum 
strip speed 
through rolls 
Ft/min. 



Adhesion of layer 
after Compaction & 
Heat treatment 



Good 

Good 
Good 
Good 
Good 
Good 

Good 



We are of the opinion that the powder 
layer acts as a filter for the solutions applied 
via the sprays 23, 24. Two mechanisms appear 
possible. Either the powder layer absorbs 
water from the solutions so that the remaining 
solution either gels or becomes too viscous 
to flow to the layer-to-substrate interface. 
Alternatively, the powder layer filters out the 
solids in the solution and allows only water 
to approach the interface. 

We think that the filtered-out or gelled 
material at the surface of the powder layer 
glazes the surface thereof to bind the powder 
particles together. . , 

It is desirable both to dry the strip, at the 
first drying station 22, prior to having the 
said liquid applied to it, and also to dry 
the strip at the second drying station 25 prior 
to the strip passing to the compaction station 
26 

Other liquids which should prove to be 



successful are solutions containing gum arable 
or gum tragacanth or naturally occurring col- 
loids, eg. albumin, globulins, many ceUulosic 
materials, e.g. cellulose, starch, amylose, 
pectin and salts of alginic acid, polyvinyl 
alchol. Globulins are a group of naturally 
occurring simple proteins which contain 
elycine, e.g. vegetable globulin. A common 
property of such materials is that they rapidly 
lose their mobility if water is removed from 
the solution. Another property is that a rela- 
tively low solid content is required to produce 
high viscosity. This means that the amount 
of contaminant in the upper layers of the 
powder coating is relatively small and will 
not prevent the compacted powder from sinter- 

m As will readily be seen from the drawing, 
the wetting station 7—9, the first powder 
application station 11, the second powder 
application station 14, the first drying station 
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22, the liquid application station 23. 24. 
the second drying station 25, and the com- 
paction station 26 are absolutely in line with 
each other so that the strip 3 when passing 

5 through these stations does not have its direc- 
tion of travel altered. Furthermore, it will 
ako be seen that the uncoiler 1 and the 
coiler 3=1 are also substantially in line with 
the various stations 7 — 9, 11, 14, 22 23 

10 24, 25 and 26. This arrangement reduces the 
number of guide rolls over which it is neces- 
sary for the strip 3 to pass, and therefore 
reduces the extent to which dirt can readily 
be picked up by the strip 3. It i s very desir- 

15 able to limit transference of dirt to the strip 
since such dirt can have an adverse effect 
upon the adhesion developed between the 
coating and the strip during the final heat 
treatment, 

20 The alignment of all the various stations, 
moreover, reduces to a minimum the amount 
of strip which is passing through the apparatus 
at any one time, this being desirable if high 
losses are to be prevented during temporary 
« shut-downs of the apparatus 

It will be appreciated that the invention 
can be employed to coat moving metal surfaces 
other than the surfaces of a strip. For example 
wire or rod can be similarly coated. ' 
30 In our copending Application 56871/67 we 
have described and claimed a method of coat- 
ing a moving metal strip comprising uncoiling 
the strip from an uncoiler, wetting each side 
of the strip, applying metallic powder to both 
35 sides of the wet strip, drying each side of 
fee wetted and powdered strip, compacting 
the metallic powder to each side of the strip, 
and coiling the strip onto a coiler for subse- 
quent heat treatment to bond the powder to 
40 strip,, the wetting, powder applying, drying 
and compacting operations being performed 
at spaced apart stations, the uncoiler, all the 
said stations and the coiler being in a straight 
hne, the uncoiled strip passing through the 
45 said stations without having its direction of 
travel alter ed. 

WHAT WE CLAIM IS: — 
1- A method of coating a moving metal 
surface comprising forming a dry layer of 
30 metallic powder on the surface, thereafter 
applying a liquid to the said layer, and then 
passing the layer against a compression roller 
to compact the powder to the said surface, 
the said liquid being such as to reduce the 
extent to which the roller dislodges the 
powder. 

2. A method as claimed in claim 1 wherein 
the said surface is the surface of a moving 



metal strip there being provided a co-operating 
pair of said compression rollers through the 60 
nip of which the strip is passed 

A method as claimed in claim 1 or 2 
wherein the layer is dried after the liquid 
is applied, before being passed against tK 
said roller or rollers. * 65 

ruf A ™* od *8 claimed in any preceding 
clam wherein the said liquid is an aqueouf 
ccgtaiW solution of a substance whfi^JE 
when suitably hydrated. g 

4 L th£wfc d v C -^ Dg as ckimed ™ d ^ 70 

6. A method of coating as claimed in claim 

5 wherein the liquid is an aqueous solution 
contammg sodium carboxy methyl cellulose. 75 

/. A method as claimed in claim 6 wherein 
^ C ? nC ^ at1011 . of sodi ^ carboxy 

8. A method as claimed in claim 7 wherein 80 
the -said concentration is not less than 0 2°/ 
nor more than 0.4%. u ^/o 

9. A method as claimed in claim 4 wherein 

SSir n starch > at a concentration 
between 0,2% and 1% by weight. 85 

10. A method as claimed in claim 4 where- 
in the solution contains Bentonite at a con- 

, 11. A method as claimed in Hai m 4 where- 90 
in the solution contains aluminium hydroxide 
or mdcel hydroxide at a concentration of^S 

l*. A method as clamed in any precedine 
dami wherem the liquid is applied to a! 9 5 
surface at a rate between 2 cubic centimetres 
surface centimetres per square foot of 

„ i 3 " A metho . d . of coating a moving metal 
surface, comprising the steps of fonning a 100 
dry layer of metallic powd<£ on me™fcet 100 
hereafter applymg a Hquid to the said layer 
and then passing the layer against a com- 
pression roller to compact the powder to the 

tn If* 0 ? Ae Said H< I aid such as 105 

to reduce the extent to wMch the roller dis- 

S^n** P? wder > the said steps being sub- 
stantially as herein described. 

h^lh^JZT 1 **^ a surface coated 

oy the method of any of claims 1 to 13. no 

J. MILLER & CO., 
Agents for the Applicants, 
Chartered Patent Agents, 
262 High Holborn, 
London, W.C.1. 



which copies may be obtained, A 3 fron? 
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I SHEET This drawing is a reproduction of 
the Original on a reduced scale. 




